An anatomical investigation of the cervicothoracic ganglion by Marcer, Nicholas et al.
An Anatomical Investigation of the
Cervicothoracic Ganglion
N. MARCER,1* M. BERGMANN,1 A. KLIE,2 B. MOOR,3 AND V. DJONOV1
1Institute of Anatomy, Department of Medicine, University of Fribourg, Fribourg, Switzerland
2Independent Researcher
3Department of Orthopaedic Surgery, Hoˆpital Cantonal, Fribourg, Switzerland
Anatomical variability within the autonomic nervous system has long been
accepted. This study evaluated the anatomical variability of the cervicothoracic
ganglion (CTG) according to its form and, in addition, provided precise meas-
urements between the CTG and the anterior tubercle of the transverse process
of the sixth cervical vertebra (C6TP), the ﬁrst costovertebral articulation, and
the vertebral artery. Forty-two adult cadavers were dissected, 22 male and 20
females. Five main forms of CTG were documented; spindle (31.9%), dumb-
bell (23.2%), truncated (21.7%), perforated (14.5%), and inverted-L (8.7%).
The means for length, width, and thickness of the CTG were 18.5 mm, 8.2
mm, and 4.5 mm, respectively. The dimensions were found to be slightly
larger in the males than females and on the left sides as compared to the
right. The mean shortest distance between the CTGs and the vertebral artery
was found to be 2.8 mm, whilst the mean shortest distances to C6TP was 25.7
mm and to the ﬁrst costovertebral articulation was 1.7 mm. There is great var-
iability in the morphology of the CTG with ﬁve common forms consistently
seen. The relation to the vertebral artery may inﬂuence the form of the gan-
glion. Two previously undocumented forms are recorded; the truncated which
describes the important juxtaposition of the CTG and the vertebral artery and
the perforated which describes the piercing of the ganglion itself by the artery.
The ﬁndings are considered to be of clinical importance to anesthetists,
surgeons, neurosurgeons, and anatomists.
Key words: cervicothoracic ganglion; stellate ganglion; vertebral artery;
morphology; truncated; perforated
INTRODUCTION
Anatomically, the sympathetic ganglionic chain in
the cervical region is described classically to have
three bilaterally-placed ganglia: superior, middle and
inferior. Occasionally reference is made to a fourth
inconsistent pair of ganglia, the vertebral ganglia
lying on the vertebral arteries (Rosse and Gaddum-
Rosse, 1997). Usually the inferior cervical ganglion
(ICG) is coalesced with the ﬁrst and sometimes the
second thoracic ganglia to form the so-called stellate
or cervicothoracic ganglion (CTG) (Singh et al.,
2005), although it may include up to the ﬁrst four
thoracic ganglia (Romanes, 1979; Williams and
Warwick, 1980; Chung et al., 2002). The transition
from the thoracic kyphosis to the cervical lordosis in
the adult human creates a marked change in direc-
tion of the sympathetic chain which renders the ori-
entation of the CTG virtually anteroposterior along
its long axis at this site. The relations of the CTG are
usually described as the longus colli muscle and the
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prevertebral fascia on its medial side, the transverse
process of C7 and the ﬁrst rib posteriorly, the verte-
bral vessels anteriorly, and the superior intercostal
artery on its lateral side. Inferiorly, the suprapleural
membrane separates the ganglion from the posterior
aspect of the cervical pleura (Romanes, 1979; Wil-
liams and Warwick, 1980; Rosse and Gaddum-
Rosse, 1997).
The CTG sends an array of branches in all direc-
tions that prompted early anatomists to name it the
stellate ganglion. Fine ﬁlaments descend inferiorly to
form a plexus on the subclavian artery and its
branches whilst larger ﬁlaments, including the so-
called vertebral nerve, ascend to form a plexus on
the vertebral artery (Tubbs et al., 2007). Grey rami
communicantes pass laterally or superolaterally to
the sixth to eighth cervical ventral rami. A cardiac
branch forms the inferior cervical cardiac nerve
which passes with the middle cervical cardiac nerve
to the deep part of the cardiac plexus (Cho et al.,
2005). In a study of the sympathetic contributions to
the cardiac plexus, Pather et al. (2004) noted that a
cervico-thoracic cardiac ramus arose from the CTG in
84% of cases.
Clinically the importance of the CTG lies in the
treatment of sympathetic-mediated disturbances;
e.g., chronic regional pain dysfunction (CRPD), tach-
ycardia, and hyperhydrosis. Although numerous
approaches have been described, the most common
form of treatment involves injecting local anesthetic
in relative proximity to the ganglion, either at the C6
or C7 level to produce the so-called stellate ganglion
block (SGB) (Hogan et al., 1992; Hempel, 1993;
Elias, 2000; Abdi et al., 2004; Feigl et al., 2007).
Interestingly, there is a relative paucity of anatomi-
cal detail and, in particular, on the morphology of
this ganglion in the literature. This is surprising and
somewhat disturbing when one considers the poten-
tial problems associated with this procedure which
range from a simple but transient Horner’s syn-
drome, through severe hypertensive reactions and
esophageal puncture, to convulsions or a lethal ret-
ropharyngeal hematoma (Kimura et al., 2005; Higa
et al., 2006; Narouze et al., 2007; Huntoon, 2010).
During the past 30 years four major studies have
documented the shape of the ganglion and its dis-
tance from various anatomical structures. Table 1
summarizes the ﬁndings of these studies. The shape
TABLE 1. Summary of the Findings Made by Other Workers
Author Measurement N Left Right Combined
Slappendel et al. (1995) Midline of body to
center of head of rib 1
8 17.75 mm 19.25 mm
Midline of body to
center of CTG
8 23.5 mm 24.75 mm
Dome of pleura to
center of head of rib 1
8 20.63 mm 16.6 mm
Dome of pleura to
center of CTG
8 21.25 mm 13.33 mm
Pather et al. (2006) Length 48 15.1 mm 17.92 mm 16.51 mm
Width 48 6.45 mm 6.84 mm 6.65 mm
Shape
Spindle 21 14.6% 13.3% 28%
Dumbbell 20 13.3% 13.3% 26.7%
Inverted-L 34 26.7% 26.7% 45.3%
Katritsis et al. (1981)a Relation of vertebral
level to superior pole
of CTG
C6-C7 5 6.8%
C7 20 27.0%
C7-T1 36 48.6%
T1 13 17.6%
Relation of superior
pole of CTG to arterial
trianglea
Within 326 75.8%
Outside 41 9.6%
Lateral border 63 14.6%
Kiray et al. (2005)
Length 12 20.6 mm
Width 12 8.3 mm
Thickness 12 3.9 mm
Relation to vertebral
artery
Medial 12 68.4%
Lateral 12 10.5%
Posterior 12 21.1%
aKatritsis et al. (1981) described an arterial triangle formed by the ﬁrst part of the subclavian inferiorly, the com-
mon carotid artery medially and the vertebral artery laterally.
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of the ganglion was documented by Pather et al.
(2006) as spindle, dumbbell, or inverted ‘‘L.’’ The
study utilized 48 cadavers though of these only 17
were adults (the rest being fetal cadavers) and of
these only 29 ganglia were measured for length and
width with a mean of 16.51 and 6.65 mm, respec-
tively. Kiray et al. (2005) measured 19 ganglia for
length, width, and thickness ﬁnding a mean of 20.6,
8.3, and 3.9 mm, respectively. They documented the
distances between the various ganglia; superior,
middle, cervicothoracic, and vertebral on both sides.
Furthermore, they measured the relationship
between the cervical sympathetic chain and various
nearby structures: medial border of longus colli mus-
cle, intervertebral discs of C2-C7 levels, anterior
tubercles of the transverse processes of C2-C6, and
vertebral artery. They also calculated a midline cer-
vical sympathetic trunk angle between the right and
left sides.
Katritsis et al. (1981), with by far the greatest
number of specimens at 440, related the position of
the superior pole of the CTG with respect to the
transverse process of C7 and the head of the ﬁrst
rib. They described an ‘‘arterial triangle’’ bordered
inferiorly by the ﬁrst part of the subclavian artery,
medially by the common carotid artery, and laterally
by the vertebral artery. They related the position of
the superior pole of the CTG to this arterial triangle.
The distance between the superior pole of the CTG
and the origin of the vertebral artery was measured
in 139 specimens and found to be between 0 and 25
mm with a mean of 4 mm.
Slappendel et al. (1995) used magnetic resonance
imaging to quantify the anatomic variability of the
‘‘stellate ganglion’’ in eight healthy patients. They
documented the distance between the center of the
CTG and the dome of the pleura in the sagittal plane
and between the center of the CTG and the midline
of the body in the transverse plane.
In addition to the above four works, Hogan and
Erickson (1992) performed magnetic resonance
imaging of the CTG in nine healthy volunteers. They
stated the appearance to be fusiform, triangular or
globular and that the ganglion was smaller than
reported by dissection studies with a maximal length
of just over 1 cm.
MATERIALS AND METHODS
The cervicothoracic ganglia and related structures
were dissected on 42 embalmed adult human cadav-
ers (male n ¼ 22, female n ¼ 20). The mean age was
82 years (age range 59–96 years), with a male
mean of 79 years (59–89 years) and female mean of
84 years (63–96 years). The dissections and meas-
urements were performed in the institutes of anat-
omy at Fribourg, Berne, and Zurich Universities in
Switzerland in accordance with the cantonal and
national policy and requirements for working with
cadaver material. The anterior thoracic wall was
opened and the lungs and heart removed by medical
students as part of their normal dissection classes.
The superﬁcial anterior neck musculature was
removed by medical students to expose the anterior
throat structures. All deeper dissection to expose the
sympathetic chain, the bony landmarks, and the
vascular structures in the vicinity of the sympathetic
chain was performed by us. The center of the ﬁrst
costovertebral articulation was located by palpation
and a pin was then inserted into the joint and the
articulation was mobilized manually via the ﬁrst rib
to conﬁrm.
Once the structures were exposed the measure-
ments were made using a Mitutoyu Digimatic Caliper
IP67TM, Japan. Measurements were made of the
length, width, and thickness of the CTG at their
greatest points. The length was measured along the
long axis of the sympathetic chain, width coronal to
that and thickness sagittal to it. Furthermore, the
shortest distance from the CTG to the anterior tuber-
cle of the transverse process of C6 vertebra (C6TP),
the ﬁrst costovertebral articulation and to the verte-
bral artery were also noted. The ﬁrst costovertebral
articulation and C6TP were chosen for measurement
as they are easily locatable bony landmarks, the lat-
ter being pivotal for several SGB techniques (Hogan
and Erickson, 1992; Pather et al., 2004). The verte-
bral artery is an important structure to avoid in a
SGB procedure in case of hemorrhage or the risk of
injecting directly into the cerebral blood supply.
RESULTS
Forty-two cadavers were dissected giving a total
of 84 cervico-thoracic ganglia. Originally, we began
to document the morphology of the ganglia by using
the three forms described by Pather et al. (2006).
(Fig. 1a–1c). However, it became apparent that,
though there is great variability of the ganglia, two
other forms were seen quite consistently: a perfo-
rated and a truncated form (Fig. 1d and 1e). In the
perforated form, the vertebral artery passed directly
through the CTG, usually at the superior portion. The
gray rami accessed the artery from the posterior as-
pect as did the ﬁlaments that formed the vertebral
plexus. In the truncated form, the vertebral artery
passed in close proximity to the superior pole of the
CTG and created a shortened and ﬂattened form of
the ganglion. Often in this case, the rami circled the
artery to continue their course.
A true CTG was found in 69 of 84 sides (82%) dis-
sected. The other 15 (18%) were of separate inferior
cervical and ﬁrst thoracic ganglia. The spindle form
of ganglion was noted in 22 ganglia (31.9%), the
dumbbell in 16 (23.2%), the inverted-L in 6 (8.7%),
the perforated in 10 (14.5%), and the truncated in
15 (21.7%). With respect to laterality, the spindle
form was found less often on the left side than the
right (ratio 9:13), the dumbbell left to right ratio was
7:9, the inverted-L ratio was 4:2, and the truncated
7:8, while the perforated were found in equal num-
bers of 5:5 (see Table 2 for summary).
Numbers of the different forms of the ganglia var-
ied slightly between male and female cadavers. The
perforated form was found in equal numbers of 5:5,
respectively, the spindle form accounted for 20.3%
of the female ganglia but only 11.6% of the male
ganglia. In the female cadavers both the truncated
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Fig. 1. a: Dumbell form. b: Spindle form. c: Inverted-L form. d: Perforated form. CTG, cervicothoracic ganglion;
VA, vertebral artery. e: Truncated form. CTG, cervicothoracic ganglion; VA, vertebral artery. f: Illustrates the pres-
ence of a vertebral ganglion. CT, C6TP; CTG, cervicothoracic ganglion; VA, vertebral artery; VG, vertebral ganglion.
[Color ﬁgure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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and dumbbell forms were each found present in
8.7% of cases, whereas the same for the males
accounted for 13.0% and 14.5%, respectively.
The mean length was 18.50 mm, width 8.17 mm,
and thickness of 4.52 mm (Table 3). It was noted
that the left ganglia were larger in all dimensions
than the right. Slight differences were noted
between male and female dimensions with male
dimensions being slightly greater in all measure-
ments; male length 19.50 mm, width 8.62 mm, and
thickness of 4.94 mm, whereas the female ganglia
measured 17.41 mm, 7.67 mm, and 4.06 mm,
respectively.
The total mean distance between the CTG and the
ﬁrst costovertebral articulation was found to be 1.72
mm; the mean for the left side was 1.73 mm and the
right side 1.70 mm. The mean distance from the
CTG to the ﬁrst costovertebral articulation in the
male was 1.83 mm; the mean on the left was 2.55
mm and 1.19 mm on the right, whereas the means
for the females was a total of 1.59 mm with 0.81
mm on the left and 2.24 mm on the right.
The mean distance from the CTG to the C6TP was
25.72 mm; the mean for the left side was 26.68 mm
and the right side 24.94 mm. The distance measured
from the CTG to C6TP in the male cadavers was
27.15 mm and 24.22 mm in the females.
The mean distance from the CTG to the vertebral
artery was found to be 2.78 mm with a male mean
of 2.99 mm and a female mean of 2.57 mm. The
mean distance on the left was measured as 2.69 mm
and on the right as 2.88 mm (see Table 3 for sum-
mary). Dimensions and distance measurements for
the different morphological forms of ganglia are pro-
vided in Table 4.
DISCUSSION
A number of works have described the various
forms of the CTG and many refer to the dumbbell
form. A problem arises in the precise deﬁnition of
where the dumbbell form ends and two separate
ganglia begin. A literature review indicated wide var-
iability in the prevalence of CTG ranging from 37.7%
to an unstated presumed 100%. Table 5 summarizes
these works.
Pather et al. (2006) was the only research group
to describe one of the forms as inverted-L, while
others described still further forms as triangular or
globular. Although we found instances of all these
forms we decided to include the ‘‘truncated’’ form
which covered some of these various forms but fur-
ther indicated that they were ‘‘foreshortened or
altered’’ by the position of the vertebral artery. Since
Pather et al. (2006) only used three forms of classiﬁ-
cation, there is undoubtedly a difference between
our ﬁndings.
Pather et al. (2006) noted that the inverted-L was
the most common form 45.3%, followed by spindle
at 28%, and dumbbell at 26.7%. Our ﬁndings
revealed the spindle form to be the most common at
TABLE 2. Summary of CTG Morphology: Number of Ganglia (Percentage)a
Total Male Female Left Right
Spindle 22 (31.88) 8 (11.59) 14 (20.29) 9 (13.04) 13 (18.84)
Dumbbell 16 (23.19) 10 (14.49) 6 (8.69) 7 (10.14) 9 (13.04)
Inverted-L 6 (8.69) 4 (5.79) 2 (2.89) 4 (5.79) 2 (2.89)
Truncated 15 (21.74) 9 (13.04) 6 (8.69) 7 (10.14) 8 (11.59)
Perforated 10 (14.49) 5 (7.25) 5 (7.25) 5 (7.25) 5 (7.25)
aValues in parentheses indicate percentage.
TABLE 3. Summary of Mean Measurements in mm 6 SDa
Total, n ¼ 69 Male, n ¼ 36 Female, n ¼ 33 Left, n ¼ 32 Right, n ¼ 37
Length 18.50 6 4.38 19.50 6 4.21 17.41 6 4.37 19.02 6 4.31 18.05 6 4.46
Width 8.17 6 2.32 8.62 6 2.34 7.67 6 2.23 9.19 6 2.37 7.28 6 1.89
Thickness 4.52 6 1.41 4.94 6 1.47 4.06 6 1.19 4.61 6 1.45 4.44 6 1.38
1st C/V joint 1.72 6 2.80 1.83 6 3.22 1.59 6 2.29 1.73 6 3.35 1.70 62.26
Vertebral artery 2.786 4.48 2.99 6 5.48 2.57 6 3.10 2.69 6 4.92 2.88 6 4.12
TP of C6 25.72 6 5.63 27.15 6 5.40 24.22 6 5.56 26.68 6 5.73 24.94 6 5.50
aP-values: length, 0.103; width, 0.528; thickness, 0.595.
TABLE 4. Summary of Mean Measurements of Different Morphology of CTG in mm 6 SD
Length Width Thickness 1st C/V joint Vertebral artery TP of C6
Spindle 16.48 6 4.14 8.43 6 2.18 4.33 6 1.56 2.53 6 2.70 2.67 6 3.92 25.68 6 6.64
Dumbbell 19.21 6 3.83 8.12 6 2.06 5.10 6 1.55 0.59 6 1.69 3.93 6 5.85 25.69 6 4.26
Inverted-l 23.07 6 4.78 7.69 6 2.74 4.22 6 1.13 3.44 6 5.92 4.60 6 5.46 28.48 6 5.67
Truncated 17.92 6 4.02 7.88 6 2.79 4.68 6 1.26 0.87 6 1.87 2.88 6 4.29 25.71 6 4.65
Perforated 19.94 6 3.91 8.38 6 2.38 3.94 6 0.98 1.96 6 2.30 0 24.39 6 6.94
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31.88%, followed by dumbbell 23.19%, truncated
21.74%, perforated 14.49%, and least common was
the inverted-L at 8.69%. This discrepancy with the
ﬁndings of Pather et al. (2006) may be explained by
the various other forms cited by other authors being
categorized under inverted-L by Pather et al. (2006)
as opposed to separate entities. The triangular, tear-
drop, globular, and inverted-L described by other
authors are most likely to be of those forms because
of the proximity to the vertebral artery itself. How-
ever, it should be noted that this study used only
adult cadavers, whereas Pather et al. (2006) used
preserved fetuses in almost two-thirds of their calcu-
lations. Development from fetus through child to
adult may affect the form of the ganglia but no stud-
ies were found that support these possible develop-
mental changes. Interestingly, in another study,
Pather et al. (2003) noted that the incidence of CTG
was 91% in the fetal specimens as compared to only
69% in the adults which may further indicate a pos-
sible change as growth progresses.
Our ﬁndings of mean length, width, and thickness
differ slightly from that of Kiray et al. (2005) and of
the length and width as measured by Pather et al.
TABLE 5. Incidence of Cervicothoracic Ganglion
Incidence Author Year
83% Perlow and Vehe 1935
80% Pick and Sheehan 1946
82% Jamieson et al. 1952
37% Becker and Grunt 1957
80% Jit and Mukerjee 1960
88% Ellison and Williams 1969
Not stated Katritsis et al. 1981
Not stated Groen et al. 1987
84% Hogan et al. 1992
Not stated Slappendel et al. 1995
80% Elias 2000
79% Kiray et al. 2005
84% Pather et al. 2006
70% Ataı´de et al. 2008
Fig. 2. a: Illustrates the relations of the CTG to the ribs. CTG, cervicothoracic ganglion; R1, ﬁrst rib; R2, sec-
ond rib; T, trachea; TG, thyroid gland; VA, vertebral artery reﬂected superiorly. b: Illustrates the relations of the
CTG to the associated arteries. AA, aortic arch; CC, common carotid artery; CTG, cervicothoracic ganglion; CV1,
ﬁrst costovertebral joint; C6 C6TP; SCA, subclavian artery; VA, vertebral artery reﬂected superolaterally. [Color
ﬁgure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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(2006) though neither of those studies makes men-
tion of the gender of the cadavers. A relationship in
the average size of the ganglia and the gender was
noted, with male ganglia being on average 12.0%
longer, 12.4% wider, and 21.7% thicker than those
of females. This would be consistent with the relative
size differences noted between male and female
cadavers in the general population. However, a fur-
ther size difference was noted due to laterality with
those ganglia on the left side being larger than those
of the right in all three dimensions measured. A pos-
sible explanation for this size difference could be
related to their physiological function. The distribu-
tion of postganglionic sympathetic cardiac ﬁbers to
the ventricles of the heart differs between left and
right ganglia (Yanowitz et al., 1966; Cao et al.,
2000; Esler and Kaye, 2006; Kreusser et al., 2006),
but there are discrepancies in the literature with
respect to the roles of the left and right CTG in car-
diac function. The left CTG appears to be predomi-
nant over the right with respect to their effects on
the QT interval. The right CTG, however, has been
noted to be predominant with respect to autonomic
innervation of the sinus node (Wong, 1997; Fujiki et
al., 1999; Song et al., 2009).
One of the greatest areas for discrepancies in the
literature with respect to the CTG is its precise ana-
tomical position. It has been placed anywhere from
on the neck of the ﬁrst rib, to the base of the trans-
verse process of C7 and even as distant as the C7-
T1 intervertebral disc (Lockhart et al., 1965;
Romanes, 1979; Rosse and Gaddum-Rosse, 1997).
Katritsis et al. (1981) stated that the superior pole of
the CTG was found within an arterial triangle bor-
dered by the subclavian artery inferiorly, the com-
mon carotid artery medially, and the vertebral artery
laterally in 75.8% of specimens. They further divided
the arterial triangle into three portions, superior,
middle, and inferior portions, and documented that
the superior pole of the CTG when found within the
triangle was found in the inferior third in 79.8% of
cases. These workers recorded the distance of the
superior pole of the CTG to the vertebral artery to be
between 0 and 25 mm with a mean of 4 mm. Our
ﬁndings were of similar values: between 0 and 18.12
mm but with a mean of 2.78 mm. No signiﬁcant dif-
ference was noted between left and right with mean
values of 2.69 mm and 2.88 mm, respectively, nor
between gender where the measurements for males
was 2.99 mm as compared to 2.57 mm in the
females. Katritsis et al. (1981) made no mention of
arterial anatomical variability and went as far as to
state that the course of the vertebral artery is a con-
stant landmark for the identiﬁcation of the CTG itself.
The only other paper to make speciﬁc mention of the
intimate relationship between the vertebral artery
and the CTG was by Perlow and Vehe (1935) (see
Fig. 2a and 2b for detail).
Authors have noted great variability in the origin
and course of the vertebral artery: from the aortic
arch, common carotid artery or from the subclavian
artery distal to the thyrocervical trunk or from the
trunk itself (Chen et al., 1998; Gluncic et al., 1999;
Koenigsberg et al., 2003; Strub et al., 2006).
Though rare, the right vertebral artery has been
reported as originating as the last branch off the
aorta, distal to the left subclavian artery. A number
of authors have noted that the left vertebral artery is
more likely to be tortuous than the right (Matula et
al., 1997; Huntoon, 2010). As such, assuming the
vertebral artery is a constant landmark for identiﬁca-
tion of the CTG is a little too presumptuous, espe-
cially when describing it as of surgical signiﬁcance
(Katritsis et al., 1981). Nevertheless, the relation-
ship between the CTG and the vertebral artery is an
important one for distribution of post-ganglionic
sympathetic ﬁbers to the posterior cerebral vascula-
ture (Mitchell, 1952). All other previous studies
appear to have ignored the intimate proximity of the
CTG ganglion and the vertebral artery. It is with this
thought in mind that we further the thoughts of
Katritsis et al. (1981) and we underline the impor-
tance to the surgeon of the spindle form which lacks
a deﬁnite waist as was previously stated by Pather et
al. (2006). Any form of intervention in proximity to
the CTG must be performed with a possible intimate
relationship to the vertebral artery in mind. Further-
more, we propose the recognition of two previously
undocumented forms: truncated and perforated. We
hope our ﬁnding will be of relevance to anesthetists,
surgeons, neurosurgeons, and anatomists.
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